Introduction {#Sec1}
============

The non-appearance of supersymmetry during Run 1 of the LHC has given many theorists pause for thought. However, they should be encouraged by the fact that the Higgs boson has been discovered \[[@CR1], [@CR2]\] within the mass range predicted by simple supersymmetric models \[[@CR3]--[@CR15]\], and that its principal production and decay modes have occured at rates similar to those predicted for the Higgs boson of the Standard Model, also as predicted by simple supersymmetric models. The search for supersymmetry will continue during Run 2 of the LHC at higher energies and luminosities, which will have greatly extended physics reach compared to Run 1. It is important that this renewed experimental effort be matched by a thorough theoretical exploration of the different possible phenomenological signatures.

Many supersymmetric models, such as the constrained minimal supersymmetric extension of the Standard Model (CMSSM) \[[@CR16]--[@CR29]\], incorporate $\documentclass[12pt]{minimal}
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In this paper we study the extent to which portions of this $\documentclass[12pt]{minimal}
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                \begin{document}$${\tilde{t}_1} \chi $$\end{document}$ coannihilation strip, reinforcing our interest in this region of the CMSSM parameter space \[[@CR37]--[@CR39], [@CR70]--[@CR84]\]. We use FeynHiggs 2.10.0 to calculate the lightest supersymmetric Higgs mass and to estimate uncertainties in this calculation \[[@CR85]\]. We find that the stop coannihilation strip may extend up to $\documentclass[12pt]{minimal}
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The layout of this paper is as follows. In Sect. [2](#Sec2){ref-type="sec"} we review relevant general features of the CMSSM, setting the $\documentclass[12pt]{minimal}
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Anatomy of the stop coannihilation strip {#Sec2}
========================================

We work in the framework of the CP-conserving CMSSM, in which the soft supersymmetry-breaking parameters $\documentclass[12pt]{minimal}
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Sommerfeld effect {#Sec3}
-----------------

We evaluate the dark matter density in the regions of the stop coannihilation strips including the Sommerfeld effect, which may enhance the annihilation rates at low velocities, and which is particularly relevant for strongly interacting particles such as the stop squark. As we discuss in more detail below, the general effect of including the Sommerfeld factors is to increase substantially the length of the stop coannihilation strip.
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We implement the Sommerfeld effects in the SSARD code \[[@CR89]\] for calculating the relic dark matter density, which is based on a non-relativistic expansion for annihilation cross sections:$$\documentclass[12pt]{minimal}
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We emphasise that the Sommerfeld factors in different channels depend only on the final states and are independent of the specific CMSSM scenario that we study. We also emphasise that many other supersymmetric models feature the same suite of final states in stop--neutralino coannihilation. Moreover, some of the couplings to these final states are universal, e.g., $\documentclass[12pt]{minimal}
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The end-point of the stop coannihilation strip {#Sec4}
----------------------------------------------

As we shall also see, there are differences in the lengths of the stop coannihilation strips for different values of the model parameters. Looking at the dominant $\documentclass[12pt]{minimal}
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Representative parameter planes in the CMSSM {#Sec5}
============================================
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Phenomenology along stop coannihilation strips {#Sec10}
==============================================

Having established the context for our study of stop coannihilation strips, we now consider in more detail phenomenological constraints and possible experimental signatures along these strips. In general, the value of $\documentclass[12pt]{minimal}
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Stop decay signatures along the coannihilation strip {#Sec13}
----------------------------------------------------

We now consider the stop decay signatures along the coannihilation strips discussed in the previous section. Generally speaking, one expects the two-body decays $\documentclass[12pt]{minimal}
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Summary and conclusions {#Sec14}
=======================

We have shown in this paper that the existence of a long stop coannihilation strip where the relic neutralino density $\documentclass[12pt]{minimal}
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We infer that a high-mass end-point for a stop coannihilation strip is likely to be a general feature of a broad class of models. Its appearance is not restricted to the CMSSM and closely related models such as the NUHM \[[@CR107]--[@CR112]\], and its location depends primarily on the combination $\documentclass[12pt]{minimal}
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We conclude that the stop coannihilation strip may be distinctive as well as generic.

It is well established that perturbative QCD can be used to describe cross sections for processes involving heavy coloured particles just above their thresholds, cf, the use of perturbative QCD to describe the $\documentclass[12pt]{minimal}
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We take the opportunity to recall that radiative corrections to stop coannihilation processes have been calculated in \[[@CR63]\]. Their effects are, in general, smaller than other uncertainties in our calculations and are not included in our analysis.

We have not taken into account the possible role of charge and colour breaking minima here. For a recent study of these effects see \[[@CR90]\]. Fig. 1The allowed regions in the $\documentclass[12pt]{minimal}
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The widths of these dark matter strips have been enhanced for visibility. Barely visible in the lower parts of the unshaded wedges between the strips in some panels of Figs. [1](#Fig1){ref-type="fig"} and [2](#Fig2){ref-type="fig"} are low densities of points where annihilations of other sparticles coannihilating with the neutralino are enhanced by direct-channel Higgs poles, reducing $\documentclass[12pt]{minimal}
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The sensitivity of the CMSSM limits to $\documentclass[12pt]{minimal}
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